remains (Bonduelle et al., 1996a,b; Engel et al., 1996 ; Govaerts Intracytoplasmic sperm injection (ICSI) has opened a new et al., 1996) . In a short series of prenatal diagnostic tests, a field in the treatment of male infertility, leading to a debate high incidence of sex-chromosome aberrations was found after concerning its genetic safety. In this study we present ICSI (In't Veld et al., 1995) . In a more recent and larger study an analysis of 11 patients presenting congenital bilateral comprising 1082 prenatal tests performed upon pregnancies absence of the vas deferens (CBAVD). In all 11 cases, genetic obtained after ICSI, a six-fold increase in sex chromosomal counselling, histological analysis of testicular biopsies, cystic aberrations and a two-fold increase in autosomal aberrations fibrosis transmembrane conductance regulator (CFTR) was reported (Bonduelle et al., 1998) . This difference in mutation screenings of both partners and spermatozoa incidence between sex chromosomal and autosomal aberrations three-colour fluorescent in-situ hybridization (FISH) anamay be explained by the fact that autosomal aberrations often lysis were performed. A total of 31 CFTR mutations were lead to early termination which is not the case with sex screened and mutations were found in eight out of 11 cases, chromosomal aberrations, the latter being more compatible with ∆F508 being the most common mutation found.
with full term pregnancies.
Histological analyses showed that seven out of 11 patients
Although the reason for the increase in chromosomal aberrahad normal tubule/membrane/interstitium (TMI) and tions following ICSI remains unclear, many hypotheses have Johnsen scores, while the remaining four patients had been proposed. Bonduelle et al. (1998) suggested that it may mild impairment of testicular parenchyma. The average result from the selection of spermatozoa which would otherwise aneuploidy rate was 6.8 ⍨ 3.9% compared with two control be unable to naturally fertilize an oocyte. Two recent reports, subjects with 4.4 and 5.4% aneuploidy rates respectively, however, equally offer alternative explanations (Hewitson using FISH analysis. After ICSI, the fertilization and et al., 1999; Luetjens et al., 1999) . The latter authors explained pregnancy rates were 66.2 and 22.7% respectively. Thus, that the increase in sex chromosome aberrations may be in our case of CBAVD, the risk of chromosomal aberration due to non-random chromosome positioning and differential following ICSI, in the absence of a CFTR mutation in the nuclear decondensation following the injection of non-acromale patient and/or in his partner, was not higher than in some-reacted spermatozoa. In agreement with this, another normal fertile men. Furthermore, the pregnancy success study (Hewitson et al., 1999) showed that, at least in the rhesus rate following ICSI of these CBAVD patients was comparmonkey, ICSI resulted in abnormal sperm decondensation, able to the general ICSI population, even when histological uncharacteristic vesicle-associated membrane protein and peranalysis showed limited spermatogenesis.
inuclear theca retention and nuclear mitotic apparatus exclusion Key words: congenital absence of the vas deferens/fluorescent from the decondensing nuclear apex. Furthermore, they showed in-situ hybridization/histological analysis/ICSI/testicular sperm a time delay in the replication of both parental genomes and extraction variable positioning of the first polar body relative to the meiotic spindle. Microinjection targeting, therefore, using the first polar body as reference may result in direct contact between the micropipette and the meiotic spindle thus resulting Introduction in its destruction and a subsequent embryonic lethality. There is general agreement for prerequisite genetic counselThe successful development of intracytoplasmic sperm injection (ICSI) for assisted reproduction (Palermo et al., 1992) ling, karyotyping and, in cases of a congenital bilateral absence any potential genetic risk (Yurov et al., 1996; In't Veld et al., allowed the determination of ploidy status of each spermatozoa 1997). An overview of structural and numerical abnormalities analysed.
in spermatozoa of normal men and carriers of chromosome aberrations has been recently published (Guttenbach et al., FISH 1997 ).
Sperm nuclei decondensation was performed by a 5 min incubation
In the context of our ICSI programme, and when possible, in 1 mol/l Tris buffer at pH 9.5 containing 25 mmol/l dithiothreitol (DTT) (Martin et al., 1995) . Slides were then washed for 5 min in we systematically perform fluorescent in-situ hybridization cases of azoospermia resulting from CBAVD. In all 11 cases,
The probes and the nuclei were denatured at 78°C for 3 min.
genetic counselling, histological analyses of testicular biopsies,
Hybridization was performed in a dark, moist chamber at 37°C for CFTR mutation screenings of both partners and spermatozoa 1-2 h. Post hybridization washes included 5 min in 60% formamide/ three-colour FISH analyses were performed.
2ϫSSC and 5 min in 2ϫSSC at 42°C, followed by two 5 min washes in 4ϫSSC/0.05% Tween 20 at room temperature. After dehydratation through an ethanol series, slides were counterstained with 4Ј,6 diaminidino-2-phenylindol (DAPI) in antifading solution (Vector,
Materials and methods
Burlingame, USA) Signal analysis was performed on a Zeiss microPatients scope according to scoring criteria described previously (Hopman et al., 1988) . Included in this study were 11 couples in which the male partner presented with obstructive azoospermia due to CBAVD. No renal malformations were observed in these patients. ICSI with spermatozoa
Results
recovered by open testicular biopsy was carried out as previously described (Silber et al., 1995) .
Patients
In seven of the 11 cases, azoospermia represented the only Testicular tissues apparent reason for infertility whereas in the remaining four a Testicular tissues were obtained on the same day as oocytes were female factor (endocrinological or tubal) was also implicated.
retrieved from the female partner. Biopsy samples were placed in In total, 31 different CFTR mutations, including ∆F508, R117H G1.2 medium (IVF Science Scandinavia; Gothenburg, Sweden) and and the variant IVS5T, which represent the more common immediately squashed between two microscopic slides. Spermatozoa mutations found in CBVAD patients (Chillon et al., 1995) , were recovered from all biopsies. Surplus spermatozoa were frozen to avoid a second biopsy for any future ICSI. Remaining spermatozoa responsible for 86% of all cystic fibrosis cases in the Caucasian used during the injection procedure and thus not suitable for the population were investigated. Eight patients (73%) presented freezing procedure were analysed by FISH. These samples were at least one mutation, three patients (27%) presented only washed once in phosphate-buffered saline (PBS) and placed in an the ∆F508 mutation and five (45%) presented compound area previously delimited with a diamond pen on superfrosted slides heterozygosity for ∆F508/R347H, ∆F508/R117C, ∆F508/5T, (CML, France). Slides were air-dried at room temperature, washed ∆F508/D443Y and R117H-7T/5T (see Table I ) As expected once in PBS, dehydrated in an ethanol series (70, 90, 100%), airthe ∆F508 mutation was the most frequently found (64%). For dried and stored at -20°C. three patients no mutations, according to our criteria, were detectable, although one patient demonstrated a positive sweat
Histological analysis of testicular biopsies

test. For four patients (patients 2, 3, 4 and 5), in addition to
Diagnostic testicular biopsies were performed in parallel at the CFTR mutation screenings, karyotypic analyses were also urological surgery ward. Recovered tissue was fixed for 1 h in a performed. All four were normal. For three of the patients 0.1 mol/l cacodylate buffered 2% glutaraldehyde solution at ϩ4°C.
(patients 4, 6 and 10) presenting a CFTR mutation, the families Fragments were rinsed for 30 min in the same buffer and post-fixed accepted genetic counselling and genetic screening revealed a for 1 h in 1% OsO 4 (osmic acid) After dehydratation, the samples familial origin of the defect. In two of these families, siblings were embedded in epoxy resin. Semi-thin sections (1 µm) were cut and stained with Toluidine Blue.
had also consulted the fertility clinic regarding a CBAVD reproductive problem. All patients reported in this study presented normal serum concentrations of FSH.
Histopathological analyses
In all 11 cases, histopathological analysis of the testis demonstrated spermatogenesis characterized by elongated spermatids and spermatozoa in the majority of tubule sections. Seven of the patients had normal tubule/membrane/interstitium (TMI) (Valette et al., 1976) and Johnsen scores (Johnsen, 1970; Yoshida et al., 1997) see Table I . For four patients, histological analysis revealed a mild impairment of the testicular parenchyma, with irregularities in tubule diameter, decreases in germ cell density, exfoliation and necrobiosis of the seminiferous epithelia, hernia, tubule breaks and moderate thickening of the tunica propria (Figure 1 ). Table I shows that semi-quantitative evaluation using the TMI score is more discriminative than the Johnsen score, in agreement with a previous study (Meyer et al., 1988) .
TESE results
Sufficient motile spermatozoa were recovered from the testicular biopsies of all 11 patients. Table II presents an overview of the TESE results. A total of 109 oocytes were collected (mean 9.9 per woman, range 0-18) following ovarian stimulation. After removal of cumulus and corona cells 74 oocytes exhibited the first polar body and were thus chosen for sperm injection. ICSI was carried out only in 10 couples, as no oocytes could be recovered from one patient. Fertilization occurred in 49 cases, thus giving a fertilization rate of 66.2% (range 36-100% for each couple). Embryo transfer took place in all 10 couples. Five clinical given to the freezing protocol. From the 11 biopsies tested, one gave no FISH signal (patient 11). Of the remaining 10, content from patients presenting CBAVD. Our purpose was to establish a correlation between (i) the quality of testicular the number of spermatozoa analysed varied between 64 and function, and (ii) the genetic safety of the TESE technique, as 699. The results are shown in Table III covering 86% of all known cases was performed for all spermatozoa presented a nullisomy for the sex chromosomes patients. For eight patients, at least one mutation (73%) was (0, 1 signal). Furthermore, only 64 spermatozoa from patient found, five patients were detected as compound heterozygotes 5 could be analysed of which 40 gave an interpretable FISH (45%) and one patient for which no mutation found had a signal and a distorted sex chromosome ratio in favour of the positive sweat test. These results are in accordance with Y chromosome (42.5% of Y1 signals versus 30.0% of X1 previously published data (Lissens et al., 1996) . signals). Therefore, not considering patient 5, the average With the exception of patient 5, and bearing in mind the aneuploidy rate of our patients was 6.8 Ϯ 3.9% (Table III) limited number of spermatozoa available for analysis, patients and was thus largely comparable with our fertile control presenting with obstructive subfertility due to CBAVD did subjects (two patients: 4.4 and 5.4%) and to the average general not show an elevated spermatic aneuploidy rate overall, in population rate, which was 1-4% (Guttenbach et al., 1997) .
comparison with normal fertile controls. This is in agreement with previously published results (Martin et al., 1993; Bischoff Discussion et al., 1994; for review see, Guttenbach et al., 1997) . We We present here the results of a study employing a threepresented the aneuploidy rate as the cumulative frequency of disomy, diploidy and nullisomy which may represent an colour FISH analysis of testicular spermatozoa chromosomal
